Introduction
============

Cerebral gliomas are known to be the most common tumors of the central nervous system, accounting for up to 50% of all intracranial tumors.[@b1-ott-8-3203] Gliomas are clinically characterized by a high incident rate, a high recurrence rate, and high mortality.[@b2-ott-8-3203],[@b3-ott-8-3203] Complete surgical resection of these tumors is difficult, and postoperative relapses are frequent since they invade adjacent normal brain tissue that results in no obvious boundary between the normal tissue and the glioma. Treatment efficacy is still unsatisfactory, despite improvements in conventional treatments (eg, surgery, radiotherapy, and chemotherapy) and the emergence of new biological therapies (eg, gene therapy and immune therapy).[@b3-ott-8-3203]--[@b6-ott-8-3203] Recently, relationships among the biological behaviors of gliomas, such as high proliferation, invasion, and immune suppression, have been the focus of much research. The invasiveness of malignant gliomas greatly contributes to the challenges involved in its treatment.

C-X-C chemokine receptor 2 (CXCR2), an interleukin-8 (IL8) receptor, possesses tumorigenic and proangiogenic properties that are similar to CXCR1,[@b7-ott-8-3203] and it mediates neutrophil migration to sites of inflammation.[@b8-ott-8-3203] In a previous study, glioblastoma cells secreted IL8 and were reported to induce permeability mediated through its receptor CXCR2 on brain endothelia.[@b9-ott-8-3203] Raychaudhuri and Vogelbaum,[@b10-ott-8-3203] using fluorescence-activated cell sorting analysis, reported that some brain tumor cell lines only expressed CXCR1 and not CXCR2. However, CXCR2 has been recently proven to be involved in the proliferation, migration, invasion, or metastasis of many malignant neoplasms, including melanomas and pancreatic, colorectal, lung, ovarian, prostate, brain, and renal cells.[@b11-ott-8-3203]--[@b13-ott-8-3203] High expression levels of CXCR2 have been found in many of the tissue malignancies mentioned earlier.[@b14-ott-8-3203]--[@b16-ott-8-3203] Korkolopoulou et al[@b17-ott-8-3203] found that the presence of CXCR2 in astrocytoma adversely affected the survival of patients. It was found that mammary tumors and ovarian cancer underwent reduced growth, migration, or metastasis when using CXCR2-specific antagonists or with knockdown of CXCR2 expression.[@b18-ott-8-3203],[@b19-ott-8-3203] We know tumor recurrence still occurs in a high proportion of patients with glioblastoma. One reason might be attributable to the presence of cancer stem cells. Infanger et al[@b20-ott-8-3203] used CXCR2 silencing in cancer stem cells from glioblastoma multiforme (GBM) and confirmed a critical role for the IL8/CXCR2 pathway in GBM pathogenesis through the promotion of malignant properties. Furthermore, Zhou et al[@b21-ott-8-3203] found that although either CXCR1 or CXCR2 inhibition reduces tumor sphere (glioblastoma stem cell) formation, the IL8/CXCR1/STAT3 pathway, but not CXCR2, is pivotal for stem-cell trait maintenance.

Based on the earlier studies, we considered that an independent clinical investigation of CXCR2 expression with different grades of glioma would be helpful for understanding the significance of CXCR2 expression during glioma progression. In this study, we reviewed and statistically analyzed the clinical characteristics of CXCR2 expression between the brain tissue of patients with glioma and nonglioma controls. Special attention was paid to the correlation between CXCR2 expression levels and the recurrence of gliomas. Moreover, we also observed the effect of the CXCR2-specific inhibitor (SB225002) on the migration of glioma cells in vitro to determine whether there was a response of CXCR2 inhibition on U251 cells.

Materials and methods
=====================

Ethics statement and patients with glioma
-----------------------------------------

The study was approved by the Clinical Research Ethics Committee of Nantong University Medical College. Sixty patients with glioma and 15 normal controls aged between 18 years and 76 years were recruited between February 2008 and September 2012 at the Department of Neurosurgery, Affiliated Hospital of Nantong University, People's Republic of China. All patients underwent surgical tumor resection, and a diagnosis of glioma was confirmed by histological examination. Medical records and pathology reports of the 60 cases involving surgical resection of gliomas were reviewed and verified by the hospital senior pathologists. The cases were classified by clinical stage and histological type according to the 2007 World Health Organization classification of brain tumors. There were 29 cases with grades I--II tumors and 31 cases with grades III--IV tumors. Fifteen normal (control) brain tissues were also taken from patients admitted to our hospital in the same period with epilepsy or head injuries and with decompression lines. The Institutional Review Board of the author's establishment approved the protocol, and written informed consent was obtained from all patients before enrollment. The clinical records were reviewed, and information regarding age, sex, and recurrence was collected.

Immunohistochemistry and interpretation of immunostaining results
-----------------------------------------------------------------

Formalin-fixed, paraffin-embedded sections of tissue specimens were reviewed by in-house neuropathologists. All slides were processed according to the manual from the HISTOSTAIN^®^-SP kits (Thermo Fisher Scientific, Waltham, MA, USA). Briefly, serial 5-μm sections were mounted on glass slides coated with 10% polylysine. The sections were deparaffinized with xylene and rehydrated in a graded series of ethanol. Endogenous peroxidase activity was blocked by soaking in 3% hydrogen peroxide/methanol for 10 minutes. For antigen retrieval, the sections were processed in 10 mmol/L citrate buffer (pH 6.0) and heated to 95°C in a microwave oven for 20 minutes. Subsequently, 10% goat serum was applied for 1 hour of blocking, and the sections were then incubated overnight at 4°C with anti-human CXCR2 monoclonal antibody (diluted 1:100; Abcam, Cambridge, MA, USA). Phosphate-buffered saline (PBS) replaced the primary antibody as the negative control. The next day, the slides were rinsed in PBS, and biotinylated second antibodies, enzyme conjugate solution, and 3-amino-9-ethylcarbazole chromogen solution were used in sequence, respectively. After the specified time, the sections were counterstained with hematoxylin, dehydrated, and coverslipped. For evaluation of CXCR2 expression in different grades of tumors, ten randomly selected visual fields per section were examined at ×400 magnification using a Leica light microscope (Leica Microsystems, Wetzlar, Germany). Five high-power fields in each specimen were randomly selected, and nuclear staining was examined under high-power magnification. More than 500 cells were counted to determine the mean percentage, which represented the percentage of immunostained cells relative to the total number of cells.

Immunohistochemical results were reviewed independently by two senior pathologists who were blinded as to the outcome of the tumors. Semiquantitative assessment of target proteins was performed by consensus and comprised both intensity of staining (negative as 0, light yellow as 1, brown as 2, tan as 3) for each cell and extent of staining (ratio of positive cells/counted cells, 1 for \<25%, 2 for 25%--50%, 3 for 51%--75%, and 4 for \>75%) for each random field. The scores for the intensity and extent of staining were multiplied to give a weighted score for each case (maximum possible, 12). For statistical analysis, the weighted scores were grouped into four categories where a score of 0 was considered negative, 1--4 (+) were regarded as low positive expression, and 5--8 (++), 9--12 (+++), (++)--(+++) were regarded as high positive expression.

Protein extraction and Western blot analysis
--------------------------------------------

From the Affiliated Hospital of Nantong University, we collected four fresh brain tissue contusion samples and six fresh glioma tissue samples. Harvested tissues were stored in liquid nitrogen until their use in Western blot analysis. These cases were reevaluated for grade and histological type by the same two pathologists mentioned earlier.

Western blotting was performed according to standard protocols as described in our previous study.[@b22-ott-8-3203] Tissues were cut into small pieces and homogenized in a glass homogenizer in extraction buffer provided in the protein extraction kit (Bio-Rad Laboratories Inc., Hercules, CA, USA) including 1% protease inhibitors (Bio-Rad Laboratories Inc.) and lysed on ice. After centrifugation, the protein concentration of the supernatant was analyzed using a bicinchoninic acid assay kit (Bio-Rad Laboratories Inc.). Forty micrograms of total protein from each sample was separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to a polyvinylidene difluoride membrane (EMD Millipore, Billerica, MA, USA). Western blotting was performed according to standard protocols using the following antibodies: goat anti-glyceraldehyde 3-phosphate dehydrogenase polyclonal antibody (1:800; Santa Cruz Biotechnology Inc., Dallas, TX, USA), anti-human CXCR2 monoclonal antibody (1:500); donkey anti-goat IRDye (1:10,000; Rockland, Limerick, PA, USA), and donkey anti-mouse IRDye (1:10,000; Rockland). Immunoblots were analyzed using the Odyssey densitometry program (LI-COR, Lincoln, NE, USA). Glyceraldehyde 3-phosphate dehydrogenase was used as a loading control.

CXCR2 inhibitor treatment and wound healing assay
-------------------------------------------------

Human glioma cell lines (U251) were purchased from the cell bank at the Chinese Academy of Sciences (Shanghai, People's Republic of China). The U251 cells were cultured in Dulbecco's Modified Eagle's Medium (Thermo Fisher Scientific) with 10% fetal bovine serum, 2 mM [l]{.smallcaps}-glutamine, and 1× penicillin--streptomycin (Thermo Fisher Scientific) in an incubator at 37°C and 5% CO~2~. The cells were dissociated by a standard trypsinization procedure (0.25% Trypsin + 0.02% ethylenediaminetetraacetic acid) and replated into 24-well plates. When the cells attached, a wound healing assay was performed. After washing with PBS, SB225002 (a CXCR2 inhibitor; final concentration 400°nM) or an equal volume of dimethyl sulfoxide (served as control) was added. Then, at the indicated time points of 0 hour, 12 hours, 24 hours, 36 hours, and 48 hours, cells were observed and photographs were taken. The distance of the wound zone (cell-free void zone) was measured using ImageJ software as described in a previous study.[@b23-ott-8-3203]

Statistical analyses
--------------------

All statistical analyses were performed using SPSS 19.0 software (IBM Corporation, Armonk, NY, USA). The Fisher's exact test was used to determine the significance between CXCR2 expression and clinicopathological parameters. Comparisons between with and without SB225002 treatment groups were analyzed by using repeated measures analysis of variance with a GraphPad Prism 5.0 software (GraphPad Software, Inc., La Jolla, CA, USA). The data were expressed as means ± standard deviation and analyzed using one-way analysis of variance. The cut-off value for statistical significance was set at *P*\<0.05.

Results
=======

High levels of CXCR2 protein expression were present in high-grade gliomas
--------------------------------------------------------------------------

Immunohistochemistry of CXCR2 protein expression was performed in glioma specimens from 60 patients and nonglioma brain tissues from 15 control cases. As shown in [Figure 1A](#f1-ott-8-3203){ref-type="fig"}, CXCR2-specific staining in cells was mostly found in the cytoplasm. CXCR2 expression appeared to be upregulated in gliomas. As shown in [Figure 1B](#f1-ott-8-3203){ref-type="fig"} and [Table 1](#t1-ott-8-3203){ref-type="table"}, the positive expression of CXCR2 protein was present in only 13.3% (two of 15 cases) in nonglioma control brain tissues, while present in 83.3% (50 of 60 cases) of glioma specimens. In glioma tissues, high levels of CXCR2 protein were expressed in high-grade tumors. Of the 60 cases of glioma, 90.3% (28 in 31 cases) of high-grade (III--IV) glioma tissues and 44.8% (13 in 29 cases) of low-grade (I--II) glioma tissues exhibited high CXCR2 expression. The expression of CXCR2 proteins in gliomas was significantly higher than that of nonglioma controls, and the expression of CXCR2 protein levels between grades I--II and grades III--IV gliomas was significantly different (*P*\<0.001).

Western blotting revealed that CXCR2 expression in glioma tissues was significantly higher than that in nontumor tissues ([Figure 1C](#f1-ott-8-3203){ref-type="fig"}). This observation was significantly more apparent in high-grade gliomas (III--IV), which was increased by 782% compared with controls, while in low-grade gliomas (I--II), SASH1 expression was increased by 326% compared with controls. The differences in SASH1 expression levels between nontumor, low-grade glioma, and high-grade glioma were all statistically significant.

CXCR2 expression level was significantly correlated with glioma recurrence
--------------------------------------------------------------------------

The relationship between clinical characteristics and CXCR2 expression levels is shown in [Table 1](#t1-ott-8-3203){ref-type="table"}. Statistical analysis revealed that CXCR2 expression was not correlated with age or sex (*P*\>0.05); however, the CXCR2 expression level was significantly correlated with glioma recurrence (*P*=0.02009). Of the 60 cases of glioma, 84.0% (21 in 25 cases) of recurrent glioma tissues and 57.1% (20 in 35 cases) of primary glioma tissues exhibited high CXCR2 expression.

CXCR2 inhibitor SB225002 reduced cell migration
-----------------------------------------------

As shown in [Figure 2](#f2-ott-8-3203){ref-type="fig"}, we found that, after SB225002 (CXCR2 inhibitor) treatment for 0 hour, 12 hours, 24 hours, 36 hours, and 48 hours, the distance of the cell-free zone (wound zone) was 464.9±42.3 μm, 406.7±27.4 μm, 304.6±32.2 μm, 248.8±29.3 μm, and 145.3±16.8 μm, respectively, while that of the controls was 482.5±27.4 μm, 403.5±15.2 μm, 263.2±25.6 μm, 192.9±24.8 μm, and 65.8±10.2 μm, correspondingly. It was found that after SB225002 treatment, the distance of U251 cell migration reduced by 3.8%, 11.0%, 13.5%, and 17.4%, respectively, at 12 hours, 24 hours, 36 hours, and 48 hours. Therein, at 36 hours and 48 hours, the migration distance of SB225002-treated cells decreased significantly compared to the controls (*P*\<0.05).

Discussion
==========

Glioma is the most common and most deadly form of primary brain tumor with a high rate of recurrence.[@b22-ott-8-3203] Because the tumor cells invade deep into the brain itself, it is very difficult to make a complete surgical removal. Many researchers struggle to reveal the function of novel genes on invasion, metastasis, or migration of glioma cells. The ligand--receptor system on the cell surface confers an invasive or migrative phenotype in glioma cells. CXCR4, a key chemokine receptor, is reported to be implicated in glioma cell migration and invasion.[@b24-ott-8-3203],[@b25-ott-8-3203] Furthermore, recently, CXCR2 has been regarded as a powerful candidate gene that plays an important role in tumor migration.[@b16-ott-8-3203]

In this study, we investigated the correlation of CXCR2 expression and brain gliomas with pathological grades. The results showed that the expression of CXCR2 protein level in gliomas is significantly increased above that of nonglioma control brain tissues. Besides, the CXCR2 protein expression level was higher in high-grade gliomas than in low-grade gliomas. This result was consistent with the reports of Korkolopoulou et al.[@b17-ott-8-3203] We also analyzed the relationship between CXCR2 expression and patient clinicopathological characteristics, including age, sex, and recurrence, and found that the expression level of CXCR2 protein was significantly higher in recurrent patients than in primary patients. We assumed that CXCR2 may serve as a therapeutic target for glioma recurrence.

High expression levels of CXCR2 have been found in many tumor metastases and migrations.[@b24-ott-8-3203],[@b25-ott-8-3203] Macrophage migration inhibitory factor is often overexpressed in various malignant tumors, including melanoma and GBM, and could promote tumorigenesis.[@b26-ott-8-3203],[@b27-ott-8-3203] Recent work has described that migration inhibitory factor binded to CXCR2 and resulted in an integrin-dependent leukocyte arrest and mediated leukocyte chemotaxis in primary GBM cells.[@b28-ott-8-3203] A recent study also showed that chemokine IL8 has been identified as a major secreted glioblastoma factor and drives proangiogenic and propermeability features in brain endothelial cells via its receptor CXCR2.[@b9-ott-8-3203] Therefore, we chose SB225002 to treat U251 human glioma cells to observe cells response on CXCR2 inhibition in a wound healing assay; the results suggested that U251 cell migration was significantly reduced. These studies underscore the importance of CXCR2 in human glioma and show that it may be a promising target for the treatment of malignant gliomas.

Conclusion
==========

In conclusion, our results suggested that higher expressions of CXCR2 protein level in glioma were closely correlated to the degree of malignancy of gliomas and recurrence. The CXCR2 inhibitor could decrease the migration of glioma cells and may be a novel clinical target for glioma therapy.
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![High level of CXCR2 expression shown in cases of high-grade gliomas.\
**Notes:** (**A**) Representative sections for CXCR2 immunohistochemistry (IHC, SP ×400). (a) Normal nontumorous tissue, (b) WHO low-grade glioma, (c) WHO high-grade glioma, (d) negative control for immunostaining. Positive CXCR2 staining = brown; cell nuclei = blue; the arrows show representative results of staining. (**B**) The population of cells with different levels of CXCR2 expression in glioma and control brain tissue. Overall, the level of CXCR2 expression was significantly higher in WHO III--IV gliomas tissues than in WHO I--II glioma tissues and the control brain tissues according to IHC results. (**C**) Western blotting of CXCR2 protein level in gliomas and normal tissue. The upper panel is a representative result of Western blotting. CXCR2 protein expression was calculated by normalizing CXCR2 intensity to GAPDH intensity, and data were compared to the normal tissue, represented as 1. Data are expressed as mean ± SD; \**P*\<0.05 versus normal tissue; ^\#^*P*\<0.05 between different grades.\
**Abbreviations:** CXCR2, C-X-C chemokine receptor 2; WHO, World Health Organization; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; SD, standard deviation.](ott-8-3203Fig1){#f1-ott-8-3203}

![CXCR2 inhibitor SB225002 could reduce cell migration.\
**Notes:** (**A**) Representative images for wound healing assay. U251 cells treated with DMSO or with SB225002 (400 nM) at the different time points of 0 hour, 12 hours, 24 hours, 36 hours, and 48 hours, respectively (bar 100 μm). (**B**) Statistical results of the wound healing assay. Images were analyzed using ImageJ analysis software and data presented as average length of cell-free void ± SD (\**P*\<0.05).\
**Abbreviations:** CXCR2, C-X-C chemokine receptor 2; DMSO, dimethyl sulfoxide; SD, standard deviation; h, hour.](ott-8-3203Fig2){#f2-ott-8-3203}

###### 

Correlation of CXCR2 expression with clinicopathological characteristics in patients with glioma

  Clinicopathological parameters   No   CXCR2 expression   *P*-value[a](#tfn1-ott-8-3203){ref-type="table-fn"}   
  -------------------------------- ---- ------------------ ----------------------------------------------------- ---------
  Total cases                      75                                                                            
   Normal                          15   15 (13)            0                                                     0
   Glioma                          60   19 (10)            41                                                    
  WHO glioma grade                                                                                               0.00015
   I--II                           29   16 (8)             13                                                    
   III--IV                         31   3 (2)              28                                                    
  Sex                                                                                                            0.1521
   Male                            36   13 (7)             23                                                    
   Female                          24   6 (3)              18                                                    
  Age (years)                                                                                                    0.21216
   ≤45                             27   9 (5)              18                                                    
   \>45                            33   10 (5)             23                                                    
  Recurrence                                                                                                     0.02009
   Recurrent                       25   4 (2)              21                                                    
   Primary                         35   15 (8)             20                                                    

**Notes:**

Statistical analyses were conducted using Fisher's exact probability. *P*\<0.05 was considered as statistically significant.

**Abbreviations:** CXCR2, C-X-C chemokine receptor 2; WHO, World Health Organization.
